associated with currently circulating influenza viruses as well as other influenza viruses that might circulate later in the season.
Methods used by the U.S. Flu VE Network have been published previously (2) . At five study sites (Michigan, Pennsylvania, Texas, Washington, and Wisconsin), patients aged ≥6 months seeking outpatient medical care for an ARI with cough within 7 days of illness onset were enrolled once local influenza circulation was identified. † Enrollment eligibility criteria included 1) age ≥6 months on September 1, 2019 † Study enrollment began at each site after local surveillance identified increasing weekly influenza activity or one or more laboratory-confirmed cases of influenza per week for 2 consecutive weeks. (i.e., vaccine-eligible); 2) ARI with cough, with onset ≤7 days earlier; and 3) no treatment with influenza antiviral medication (e.g., oseltamivir or baloxavir) during this illness. Consenting participants or their proxies were interviewed to collect demographic data, information on general and current health status and symptoms, and 2019-20 influenza vaccination status. Nasal and oropharyngeal swabs (nasal swabs alone for children aged <2 years) were collected to obtain respiratory specimens; swabs were placed in a single cryovial with viral transport medium and tested at U. influenza cases to achieve adequate statistical power to detect a significant VE based on a priori sample size calculations.** Among 4,112 ARI patients enrolled during October 23, 2019-January 25, 2020, a total of 1,060 (26%) tested positive for influenza virus infection by real-time RT-PCR, including 691 (17%) for influenza B viruses and 374 (9%) for influenza A viruses ( Table 1) ; five patients tested positive for both influenza A and B viruses. Of 673 influenza B viruses with lineage information available, 670 (>99%) belonged to the B/Victoria lineage, and three (<1%) belonged to the B/Yamagata lineage. Among 335 subtyped influenza A viruses, 326 (97%) were A(H1N1)pdm09 viruses, and only 11 (3%) were A(H3N2) viruses. The proportion of patients with influenza differed among study sites, age groups, racial/ethnic groups, self-rated health status, and days from illness onset to enrollment. The percentage of ARI patients who were vaccinated ranged from ** Sample sizes to achieve an adequate number of influenza cases to estimate a significant VE with 95% confidence intervals that do not include zero were estimated by virus subtype and the following age groups: 6 months-17 years, 18-49 years, 50-64 years, and ≥65 years. Sample size calculations were based on a type I error probability of 5% and a type II error probability of 20% (power 80%) to detect 40% VE against any influenza, 50% VE against influenza A(H1N1) or influenza B, and 30% VE against influenza A(H3N2). Assumptions about vaccination coverage varied by age group as follows: 50% for children and adolescents aged 6 months-17 years, 45% for adults aged 18-49 years, 60% for adults aged 50-64 years, and 80% for adults aged ≥65 years. These VE and coverage assumptions were made on the basis of pooled estimates from the 2012-13 through 2018-19 influenza seasons in the U.S. Flu VE Network. Age strata with insufficient influenza cases were aggregated to provide VE estimates for larger strata when possible. Abbreviation: N/A = not applicable. * The chi-squared statistic was used to assess differences between the numbers of persons with influenza-negative and influenza-positive test results, in the distribution of enrolled patient and illness characteristics, and in differences between groups in the percentage vaccinated. † Defined as having received ≥1 dose of influenza vaccine ≥14 days before illness onset. A total of 104 participants who received the vaccine ≤13 days before illness onset were excluded from the study sample. § Patients were categorized into one of four mutually exclusive racial/ethnic populations: white, black, other race, and Hispanic. Persons identifying as Hispanic might have been of any race. Persons identifying as white, black, or other race were non-Hispanic. Race/ethnicity was missing for eight patients. ¶ General self-rated health status was missing for four patients. ** Five patients had coinfection with influenza A and influenza B, making the sum 1,065, or five more than the total number of influenza-positive patients. Two patients had coinfection with influenza A(H1N1)pdm09 and A(H3N2).
38% to 61% among study sites and differed by study site, sex, age group, race/ethnicity, self-rated health status, and days from illness onset to enrollment. Among influenza-positive participants, 37% had received the 2019-20 seasonal influenza vaccine, compared with 55% of influenza-negative participants ( Table 2) . Overall, the adjusted VE was 45% against influenza A and B virus types combined, 50% against influenza B/Victoria, and 37% against A(H1N1) pdm09. VE was higher among children and adolescents aged 6 months-17 years and lower among adults aged 18-49 years, ; odds ratios were estimated using logistic regression. † Adjusted for study site, age group, sex, race/ethnicity, self-rated general health, number of days from illness onset to enrollment, and month of illness using logistic regression. especially against A(H1N1)pdm09 (VE = 5%; 95% CI = − 45% to 37%).
TABLE 2. Number and percentage of outpatients with acute respiratory illness and cough (N = 4,112) receiving 2019-20 seasonal influenza vaccine, by influenza real-time reverse transcription-polymerase chain reaction (RT-PCR) test result status, age group, and vaccine effectiveness* against all influenza A and B, B/Victoria and A(H1N1)pdm09 -U.S. Influenza Vaccine Effectiveness
As of January 25, 2020, CDC had genetically characterized 177 influenza B/Victoria viruses from U.S. Flu VE Network participants; 172 (97%) belonged to genetic subclade V1A.3, a different subclade from the V1A.1 subclade that includes the 2019-20 B/Victoria vaccine reference strain (B/Colorado/06/2017), and five (3%) belonged to V1A.1. All of the 32 genetically characterized A(H1N1)pdm09 viruses were from genetic group 6B.1A, which includes the 2019-20 A(H1N1)pdm09 vaccine reference strain (A/Brisbane/02/2018).
Discussion
The 2019-20 influenza season began early with predominant influenza B/Victoria virus circulation, followed by increasing A(H1N1)pdm09 virus activity, with ongoing detection of both viruses (3) . Through the week ending February 8, 2020, influenza activity remained elevated in most parts of the country (https://www.cdc.gov/flu/weekly). Markers of severe illness, including laboratory-confirmed influenza-associated hospitalization rates among children and adolescents aged <18 years and young adults aged 18-49 years, are higher than at this time in recent seasons, including the 2017-18 season.
To date for this season, 92 influenza-associated deaths have been reported in children and adolescents aged <18 years; other than the 2009 pandemic, this is the largest number reported for this time of the season since reporting began for the 2004-05 influenza season (https://www.cdc.gov/flu/weekly). These interim VE estimates indicating a 45% reduction in influenza illness associated with a medical visit so far this season are particularly important in the context of the substantial prevalence of influenza in the United States: during the previous decade, influenza caused an estimated 4.3-21 million doctor visits, 140,000-810,000 hospitalizations, and 12,000-61,000 deaths each year. † † Among U.S. Flu VE Network participants, influenza virus infections accounted for approximately 25% of medically attended visits for ARI, demonstrating the considerable contribution of influenza virus infections to medically attended outpatient visits for ILI this season. Both influenza A and B viruses can cause severe illness, including hospitalizations and deaths. Some studies have suggested that influenza B virus infections might also result in more severe illness among children (4, 5) . Interim VE estimates indicate that the 2019-20 influenza vaccine protects against the predominant B/Victoria viruses from subclade V1A.3 and are consistent with VE estimates against influenza B/Victoria (range = 49%-56%) during seasons when the B/Victoria component of the vaccine was well matched to circulating viruses. § § Influenza A(H1N1)pdm09 circulation increased in late December 2019; as of January 31, 2020, all A(H1N1)pdm09 viruses antigenically characterized at CDC were similar to the cell-propagated vaccine reference virus for the A(H1N1) pdm09 component of the 2019-20 Northern Hemisphere vaccine. Interim VE estimates against influenza A(H1N1)pdm09 viruses among children and older adults are consistent with average VE for influenza A(H1N1)pdm09 viruses reported previously (6) . Among adults aged 18-49 years, the interim VE estimate against influenza A(H1N1)pdm09 was low and not statistically significant. Additional enrollment during the season while A(H1N1)pdm09 viruses circulate will determine whether VE against A(H1N1)pdm09 in this age group is lower than during previous seasons and will help evaluate potential contributing factors to lower than expected effectiveness.
During the five previous influenza seasons, the number of weeks that ILI activity was above baseline ranged from 11 to 20 weeks, with an average of 18 weeks (7) . At 21 weeks, the 2018-19 influenza season was prolonged, demonstrating that influenza activity can continue beyond the winter months. CDC continues to recommend influenza vaccination while influenza viruses are circulating. Vaccination can protect against infection with influenza viruses that are currently circulating and those that might circulate later in the season. During the 2018-19 influenza season, in which influenza A(H3N2) and A(H1N1)pdm09 viruses cocirculated, interim VE was estimated to be 29% against illnesses associated with any influenza virus (8) and vaccination was estimated to prevent 4.4 million illnesses, 2.3 million medical visits, 58,000 hospitalizations, and 3,500 deaths (9) .
Current influenza vaccines are providing substantial public health benefits; however, more effective influenza vaccines are needed. Therefore, many U.S. government agencies (including CDC, the National Institutes of Health, the Food and Drug Administration, and the Biomedical Advanced Research and Development Authority) are collaborating to improve influenza vaccines in support of the executive order issued by the White House on September 19, 2019. ¶ ¶ Influenza antiviral medications remain an important adjunct to influenza vaccination. CDC recommends antiviral treatment for any patient with suspected or confirmed influenza who is hospitalized, has severe or progressive illness, or is at high risk for complications from influenza, including children aged <2 years and adults aged ≥65 years, regardless of vaccination status or results of point-of-care influenza diagnostic testing.*** § § https://www.cdc.gov/flu/vaccines-work/past-seasons-estimates.html. ¶ ¶ https://www.whitehouse.gov/briefings-statements/statement-press-secretaryexecutive-order-modernizing-influenza-vaccines-u-s-promote-nationalsecurity-public-health. *** https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm. Antiviral treatment can also be considered for any previously healthy symptomatic outpatient not at high risk for complications, with confirmed or suspected influenza, if treatment can be started within 48 hours of illness onset.
The findings in this report are subject to at least four limitations. First, sample sizes were insufficient to estimate overall VE against illnesses associated with A(H3N2) virus infections. End-of-season VE estimates could change as additional patient data become available or if a change in circulating viruses occurs later in the season. Second, vaccination status included self-report at four of five sites, which might result in misclassification of vaccination status for some patients. Third, an observational study design has more potential for confounding and bias than do randomized clinical trials. However, the test-negative design is widely used in VE studies and has been extensively validated, including against findings from randomized trials (10) . Finally, the VE estimates in this report are limited to the prevention of outpatient medical visits rather than more severe illness outcomes, such as hospitalization or death; data from studies measuring VE against more severe outcomes this season will be available at a later date.
Annual influenza vaccination is the best strategy for preventing seasonal influenza and influenza-associated complications. This season, influenza B and A(H1N1)pdm09 viruses have cocirculated, and influenza activity remains elevated in most parts of the country. Interim VE estimates indicate that the current season's influenza vaccine reduces the risk of medical visits associated with influenza, including visits associated with circulating influenza B viruses. Persons aged ≥6 months who have not yet received influenza vaccine during the current season should get vaccinated to protect against influenza.
